The authors propose a convergent model for information literacy (IL) based on complementary proficiencies in research and web literacy. Within this integrated framework, information technology (IT) is an essential dynamic in IL instruction. This model was designed, implemented and tested in an upper-level discipline-specific undergraduate information science (IS) course that requires students to develop research-oriented web pages. This study finds that student familiarity with IL and IT increased in this course. In addition, students who indicated a familiarity with certain web design terms also reported a familiarity with certain IL terms. A factor analysis of survey data indicates that a correlation may exist between research and web design in the development of comprehensive IL knowledge. This paper identifies three dimensions of IL and IT: web environment knowledge, web development knowledge, and research skills. This model is portable to other courses, programs, and organizations engaged in IL and IT instruction.
Introduction
Information literacy (IL) challenges educators to effectively design, implement, and assess courses that advance student research skills and critical thinking. Definitions of the term consistently refer to such proficiencies as finding, organizing, evaluating, and using information [1] . Information technology (IT) is generally understood as a component of IL, but the specific relationship between IL and IT in producing new knowledge is often understated. Research skills are most often associated with IL, and technology skills are allied with other terms such as information fluency (IF) [2] or information and communication technology (ICT) [3] . In order to better understand the relationship between IL and IT in practice, the authors propose a convergent model for IL that defines research and technology skills as equally important within a complementary framework.
Webber and Johnston [4] identified several problems in the way that IL is often conceptualized, including a 'list approach' that diminishes 'a complex set of skills and knowledge to small, discrete units' [4, p. 384] . They also argued that, 'since the majority of information literacy initiatives are being led by librarians, the learning may not be integrated into credit-bearing classes' [4, p. 384] . One of the approaches to IL that Webber and Johnston [4] refer to in their study is the 'Seven Pillars Model' developed by the SCONUL (Society of College, National and University Libraries)
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Task Force on Information Skills [5] . SCONUL constructs the 'seven pillars' of IL on a foundation of 'basic library skills' and 'IT skills' [5, p. 46-7] . This model reflects the goals and objectives of instructors and researchers to define specific relationships between IL and IT.
Webber and Johnston [4] present an effective argument that identifies problems in the way IL is often understood and implemented in courses. They do so by comparing many of the formal definitions of IL in the literature with student perceptions of IL based on actual course experience. Their reference to the SCONUL model illustrates the need to better understand the pedagogical implications of integrating both IL and IT in courses. By comparing student responses with the basic tenets of the SCONUL model, Webber and Johnston [4] argue that, 'while integrating information literacy into the curriculum may have an attraction, the danger is that students learn in snatches and do not develop a coherent conception of what information literacy means to them' [4, p. 392 ]. This assertion, as well as their primary contention that IL should be a separate discipline [4, p. 393] , cannot be supported by the results of this study, which indicates that the integration of IL and IT is ideal in discipline-specific courses.
This paper will demonstrate that the convergence of student research and web design is an effective way to advance information literacy (IL). This will be accomplished through a qualitative and quantitative analysis of student survey data in a discipline-specific IS course. We propose a convergent model for IL and IT in which students learn practical research skills in database searching, resource identification and evaluation, writing and revision, and the proper documentation of sources. Students also gain complementary technical knowledge in digital imaging and web design to synthesize and share the results of their research. The convergent model discussed in this paper supports higher level knowledge in problem-solving, collaboration, web usability, web accessibility, information architecture, and information ethics. These are interrelated skills that effectively prepare students to access and produce information in a multiplicity of digital environments.
This paper examines the relationship between student research and web design, but IT involves a range of activities that may include programming, database development, networking, and multimedia production. Although the emphasis of this paper is on web design, further study in this area may find correlations between student research skills and other forms of IT.
The influence of IL in higher education
Rather than invent a new term to advance information and technology instruction, it is beneficial to expand the scope of IL to fully incorporate IT competencies. IL is a successful and well-established concept that continues to have a significant impact on curricular development in higher education. Rader [6] reports that 'the number of publications related to user instruction and information literacy, like the field itself, show phenomenal growth during the past three decades' [6, p. 242] . She traces IL scholarship throughout the world and finds that 'more than 5000 publications related to library user instruction and information literacy have been published and reviewed in the past thirty years' [6, p. 242] . Rader also identifies an important shift in the audience for this work and argues that 'the most recent publications are no longer mostly in the education and library literature but in business and other disciplines' [6, p. 258] .
The impact of IL on higher education is also evident in the accreditation standards for colleges and universities. According to Thompson [7] these standards call for 'the integration of information literacy in the curriculum' [7, p. 222] and encourage collaboration among faculty and librarians to deliver IL instruction [7, p. 221] . Thompson argues that the commitment from regional accreditation commissions is a 'mandate for information literacy in higher education' [7, p. 220] . This mandate demonstrates an understanding of IL that extends beyond the library to all levels of 'the education establishment' [7, p. 220] . As Thompson states, 'the integrative and holistic approaches to educational reform usually view information literacy and technology as part of the educational package' [7, p. 237] .
Considering the far-reaching influence of IL and the ongoing changes in technology, it is important to recognize the dynamic potential of both concepts on student learning. This will build on the success of IL initiatives with complementary technology skills that strengthen the goals of lifelong learning and critical thinking in a digital age.
A framework for understanding the relationship between IL and IT
Definitions of IL often separate information skills from technology skills or identify IT as a subset of IL. In many ways, these are important distinctions that effectively defined a movement and reinforced the need to emphasize complex critical thinking over rudimentary T.P. MACKEY AND J. HO computer-based competencies. At the same time, technology challenges some of our basic assumptions about information and is integral to library and online research methods, writing, and communication. The web, for example, is not simply a tool for accessing and retrieving paper documents in a digital form. Instead, it is much more. It is also a participatory technology that requires an understanding of the production and distribution of text and image files through an expansive public network.
The American Library Association (ALA)
The American Library Association's Presidential Report on Information Literacy (1989) defined the essential terms associated with IL: knowing, identifying, finding, evaluating, organizing, and using information [1] . The first three keywords in this definition (knowing, identifying, and finding) support an accessretrieval model based on library and online research. The last three keywords (evaluating, organizing, and using) suggest a focus on critical evaluation and the production of documents. Since this document predates the emergence of the world wide web, however, it does not address the unique information challenges of that medium. Today, for example, the manner in which students evaluate, organize, and use information is integral to a range of activities, from writing papers, to creating digital art, to developing multimedia presentations, to producing web pages.
The ALA report effectively envisioned an interactive classroom and acknowledged that in the future 'one would see more information technology than is evident today, and it would be important to people not only in itself but also in its capacity to help them solve problems and create knowledge' [1] . This recognizes a key role for IT in the learning process, especially as technologies continue to change. At this point in IL education, however, we need a more overt reference to the production of digital documents in variable media formats, including the web. While the key terms originally established by the ALA in 1989 are still relevant today and define an essential construct for IL education, we must expand this terminology with more precise references to the integrated skills required to actively produce information in an interactive digital medium.
The Association of College and Research Libraries (ACRL)
The specific standards for applying IL across disciplines and 'to all levels of education' [6, p. 2 [8] . IL is defined as 'an intellectual framework for understanding, finding, evaluating, and using information' [8, p. 3] . Most of the ACRL standards focus on the terms most often associated with IL: determine, access, evaluate, incorporate, use, and understand [8, p. 3] . The ACRL acknowledges that IT skills 'enable an individual to use computers, software applications, databases, and other technologies to achieve a wide variety of academic, work-related, and personal goals' [8, p. 3] . While IT is identified as an important consideration in the ACRL standards, 'information literacy initiates, sustains, and extends lifelong learning through abilities which may use technologies but are ultimately independent from them' [8, p. 3] . According to this perspective, technology skills are an inevitable outcome of this process, but not necessarily a dynamic or integrated factor in IL.
In today's information environment the use of technology is essential to how information skills are applied and understood. In Standard Five, for example, the ACRL asserts that 'the information literate student understands many of the ethical, legal and socioeconomic issues surrounding information and information technology' [8, p. 14] . This standard in particular emphasizes the convergent nature of information and technology skills. Web production offers a valuable pedagogical context for applying this standard in a student-centered classroom. When students produce original documents for the web, they must understand how to evaluate a range of sources, how to properly document all sources of information, how to work ethically in digital environments, and how to participate in a collaborative process with other developers and users. This active-learning approach moves beyond discrete computer skills and toward critical thinking and evaluation, as well as writing and communication, all of which are essential and inter-related IL skills [1] .
The National Research Council's Committee on Information Technology Literacy (CITL)
In a 1999 report entitled Being Fluent with Information Technology the CITL defined the term 'Information Fluency' (IF) [2] . The focus of this report addresses one primary question: 'What should everyone know about information technology in order to use it more effectively now and in the future?' [2] Information fluency moves beyond a 'computer literacy' model and strives for a 'deeper understanding' of information technology [2] . According to this report, 'people fluent with information technology (FIT persons) are able to express themselves creatively, to reformulate knowledge, and to synthesize new information' [2] . This definition focuses on how people engage with technology to actively create and produce, rather than on how to simply use a particular software program or hardware device. An information-fluent individual is able to 'continually apply what they know to adapt to change and acquire more knowledge to be more effective at applying information technology to their work and personal lives' [2] .
The FITness report (1999) argues that 'information literacy and FITness are inter-related but quite distinct' [2] . According to this report: 'Information literacy focuses on content and communication: it encompasses authoring, information finding and organization, research, and information analysis, assessment, and evaluation' [2] . The same report argues that 'by contrast, FITness focuses on a set of intellectual capabilities, conceptual knowledge, and contemporary skills associated with information technology' [2] . Although FITness makes some distinction between IL and IT, the overall emphasis on critical thinking and lifelong learning moves beyond a rudimentary computer literacy model. This is an effective approach for advancing IT skills that further underscores the importance of IL in this process. In a digital information environment such as the web, it is essential to recognize that content, communication, and technology are inter-related and interconnected.
Standards for accreditation continue to argue for the integration of both IL and IT throughout the curriculum. In addition, ICT literacy expands the scope of IL to include an emphasis on IT.
The Middle States Commission on Higher Education (MSCHE)
In 2002, MSCHE revised its standards to 'include significantly enhanced references to information literacy' [9, p. 368] . IL was incorporated throughout the new standards and reflected the ACRL definition, which is the ability to determine, access, evaluate, incorporate, use, and understand information [9, pp. 371-2; 10, p. 32]. By referencing IL throughout the standards, MSCHE emphasized the importance of building a comprehensive IL curriculum [9, p. 370] .
MSCHE recognizes correlations between IL and IT in its official definition of the term by asserting that IL includes 'understanding the economic, legal and social issues surrounding the use of information and information technology' [10, p. 32] . It also defines IL and 'technological competency' as two of the 'essential skills' in general education, which also includes 'oral and written communication, scientific and quantitative reasoning, critical analysis and reasoning' [10, p. 37] . The correlation between information and technology is suggested by the placement of IL and IT throughout the standards, and not simply as separate categories.
In an IL guidebook entitled Developing Research and Communication Skills: Guidelines for Information Literacy in the Curriculum, MSCHE provides institutions in the Middle States region with practical suggestions for implementing and strengthening IL initiatives [11] . This guidebook does not expand upon the standards for accreditation, but it does offer illustrative examples for teaching IL that emphasize the production of digital information [11, p. 1] . For example, MSCHE emphasizes the importance of 'producing new information' in a variety of disciplines that incorporate active learning [11, p. 35] . Within this framework, 'assignments in research, writing, oral presentation, constructions for engineering or the visual arts, performances, service learning, and digital media have the potential to challenge students to engage in critical analysis and evaluation of information' [11, p. 35] . This approach extends IL instruction beyond the library and general education to include a range of possible collaborations with the writing classroom or writing center, performing arts center, science lab, service learning community, and web development workshop. In each context, the student's ability to apply IL skills is advanced through the production of original writing, presentations, science and engineering projects, or new media [11, p. 35] .
The Educational Testing Service (ETS)
In 2003, the Educational Testing Service (ETS) established an international panel to develop an assessment strategy for ICT literacy [3, p. iii]. According to the panel, 'ICT literacy is using digital technology, communications tools, and/or networks to access, manage, integrate, evaluate, and create information in order to function in a knowledge society' [3, p. 2]. These five major components of ICT are seen as 'a set of skills and knowledge presented in a sequence that suggests increasing cognitive complexity' [3, p. 3] . These components are similar to the six tenets of IL (know, identify, find, evaluate, organize, and use), but with an emphasis on how technology is utilized in this process. ICT literacy balances information and technology proficiencies to advance critical thinking and cognitive skills [3, p. 1] .
The ICT panel briefly acknowledges the contribution of both IL and IF, but also critiques the limits of each approach 'to evaluate whether individuals have attained the core cognitive skills related to technology use that are required to function successfully in today's world' [12, p. 9] .
As we have seen, IL is an over-arching framework that has influenced both IF and ICT. It has also had an impact on regional standards for accreditation, literature in a range of disciplines, and classroom practice. Each approach emphasizes lifelong learning, critical thinking, and the need for an educational response to the proliferation of information and rapid technological change. As the scope of IL expands to include IT in both theory and practice, we need effective and flexible models to build comprehensive skills.
A convergent model for IL

Convergence theory
The argument proposed in this paper for a convergent IL model is determined, in part, by the characteristics of the web as a hypertext, network, and multimedia environment. Guice [13] suggests that 'even the earliest networking of computers represents significant points of convergence between computing and telecommunications, and other points have been developing at an increasingly rapid pace' [13, p. 207 ]. Forgacs [14] argues that 'the Internet is a convergence' [14, p. 131] and that 'its best-known component, the world wide web, relies on a form of information linking -hypertext or hypermedia -in which text, still images, moving images and sound are transmitted in packets in a common digital form' [14, the fundamental principle behind the Web was that once someone somewhere made available a document, database, graphic, sound, video, or screen at some stage in an interactive dialogue, it should be accessible (subject to authorization, of course) by anyone, with any type of computer, in any country. [15, p. 37] The hypertext link, then, activates convergence and creates 'associations between things that might seem unrelated but somehow did, in fact, share a relationship' [15, p. 4] . The convergence of documents and ideas through the web is unique and requires students to learn a combination of critical thinking and technical skills to better understand and contribute to this interactive and participatory environment.
Research literacy (RL) and web literacy (WL)
In order to investigate the pedagogical opportunities and benefits of connecting IL and IT, we need to explore the unique characteristics of each term within the context of a specific course. The model proposed in this paper is based on ISP301: The Information Environment, an upper-level undergraduate course in the School of Information Science and Policy (SISP) (currently the Department of Information Studies in the College of Computing and Information) at the University at Albany, SUNY. The convergent model developed for this course includes two key components: Research Literacy (RL) and Web Literacy (WL). The IL component in ISP301 relates specifically to research methods (know, identify, find, evaluate, organize, and use information) [1] . At the same time, the IT component identified in this course and proposed in this paper relates to web development. By examining these terms within an integrated IL framework, we will see the benefits of converging both RL and WL.
In this model (illustrated in Figure 1 ) RL identifies library and online research, including database searching, evaluation of materials, the differentiation of sources, and the synthesis of information through writing and revision. WL identifies the access and 545
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The term 'web literacy' has been defined in the literature in different ways, emphasizing the evaluation and/or the production of web information. For example, Piper [16] The convergent model proposed in this paper emphasizes both the evaluation and production dimensions of WL. This model distinguishes between RL and WL as specific subsets of IL and IT while converging the two terms within a larger IL structure. The use of both terms is not intended to replace IL and IT, but rather to identify specific skills addressed in this course and proposed in this convergent model.
General Education IL Requirement
At the University at Albany, State University of New York (SUNY), students complete IL for credit as part of their General Education Requirements. Students have many IL options to choose from at the university, including one-credit courses taught by librarians or three-credit courses taught by departmental faculty. This approach integrates IL throughout the curriculum and involves such departments as: Communication, Computer Science, East Asian Studies, Linguistics, Women's Studies, as well as Information Studies, the University Libraries, and the first-year experience program (Project Renaissance). Courses that meet this General Education requirement must address the following learning objectives [19] : (1) locate, evaluate, synthesize and use information from a variety of sources; (2) understand and use basic research techniques appropriate to the course discipline; (3) understand the various ways in which information is organized and structured; and (4) understand the ethical issues involved in accessing and using information. These learning objectives reflect the IL definitions of both the ALA [1] and ACRL [8] within the context of undergraduate education at a research university. Students are expected to gain research skills (in the library and online) and to apply these skills within discipline-specific courses. They are also expected to understand the ethical considerations of information, such as copyright and plagiarism. There is no mention of technology in these learning outcomes, but this limitation does not prevent the use of IT by faculty to engage students in IL.
ISP301: The Information Environment
ISP301 is the ideal course to investigate the relationship between research and web literacy. This course includes both an IL and an IT (web) component and introduces students to the field of IS through special topics (see Table 1 
RL in ISP301.
The RL component encompasses how to access and retrieve scholarly materials using the University Libraries' web site, including the online catalog ADVANCE and research databases via EBSCO. Students also learn to differentiate between popular, trade, and scholarly sources of information. The RL component involves an emphasis on research writing, including how to write a thesis statement, and how to properly document sources using a professional style guide such as APA. Plagiarism prevention is emphasized in this section and is also discussed during IS topics related to copyright and intellectual property and information ethics. Students learn to evaluate web sites based on technical and content considerations. This entails an understanding of web usability and internet evaluation [20] .
This component is developed in collaboration with the University Library and includes guest lectures from faculty librarians. Students also complete three webbased tutorials developed by the University Library, including Evaluating Internet Sites 101, Researching 101, and Plagiarism 101 [21] . Each tutorial reinforces specific information skills in each area (internet evaluation, research methods, and plagiarism prevention). Students complete the tutorials on the web and submit their responses electronically for assignment credit.
WL in ISP301.
The WL component covers how to create web pages using HTML, XHTML, Cascading Style Sheets (CSS), XML, and the digital imaging software Adobe Photoshop. Students learn how to write and edit code with HTML-Kit [22] , a free downloadable program for creating web pages based on the guidelines developed by the World Wide Web Consortium (W3C) [23] . Students develop code that conforms to the W3C's Web Content Accessibility Guidelines 1.0 [24] and validate their web pages using W3C's Markup Validation Service [25] . This online service automatically checks web pages to verify that the code conforms to W3C guidelines for accessibility and syntax. In addition, students work in a UNIX environment using a command line interface. They learn UNIX commands to create subdirectories, to move from one directory to another, and to set file permissions. They also upload files using a file transfer program.
Web design techniques are demonstrated during formal lectures and optional computer labs. Students have access to office hours as well as weekly web design workshops facilitated by the professor and teaching assistants. Instructional materials are provided in class and online via the course management system WebCT. Tutorials are also available via the ISP301 course web site.
4.4.3.
Integrating WL and RL for the web. Students in ISP301 integrate RL and WL skills for the production of two individual web pages and two collaborative web team pages. The first web project requires students to produce an individual information page that organizes hypertext links to five different search engines, five web design tutorials, and five reliable sources of information (including an online dictionary, newspaper, news magazine, TV news source, and technology news source). This first web page also includes links to five academic or professional web sites related to the field of IS. This first web project involves the production of a collaborative web team page that links to all of the individual student information pages.
The purpose of this first project is to engage students in a web design process that involves online research and the organization of web-based information sources. Students identify web sources based on the assignment criteria and make evaluative decisions about which sites to include on their pages. Students organize web links to professional and educational web sites using tables for data and layout, as well as ordered and unordered lists. This page also includes meta tags for additional information about the page (such as author name, keywords, and description), as well as title tags, headings, and styles defined by an embedded style sheet (CSS). This first assignment integrates research and web design competencies as well as collaborative and communication skills.
The second web project requires each student to develop a web site evaluation page based on a common web site theme. Students select a web format to critique based on a list of possible web site genres. The suggested list includes: search engines, news sites, student resources, employment resources, college and university sites, online museums, or web tutorials. While the first project asks students to identify and organize a wide range of web sites, this assignment requires more advanced writing and evaluation. For each web site presented on the page, students write a 150 word evaluation based on specific web usability and web accessibility criteria. From a technical standpoint, students build upon the requirements in the first assignment with a banner image created in Adobe Photoshop, and a link to an external style sheet created by the entire team.
Students work collaboratively on a second web team page that links to all of the individual web site evaluation pages. This page includes a banner image created in Adobe Photoshop that identifies a common web site theme among the team of students and a data table that contains brief descriptions of each student.
IS topics in ISP301.
The IS topics examined in ISP301 introduce students to the field of IS while supporting the RL and WL components. Students gain historical insights about the internet and the field of IS and discuss current issues such as the digital divide and internet security. Students gain web knowledge by examining web usability, information architecture (IA), and web accessibility [26] . Lectures on copyright and intellectual property and information ethics support RL through theoretical discussions and case studies that explore questions surrounding creativity, originality, and the ownership of ideas.
Students explore a specific IS topic in a five-page essay that focuses on one IS scholarly journal article and four different sources of information (newspaper, web site, government document, trade, and/or popular magazine). The purpose of this essay is for students to evaluate and compare different types of resources in relation to a peer-reviewed academic article in the field of IS. By the time students begin this assignment they have extensive experience evaluating online resources. They also have experience documenting sources based on a formal style guide. Although this is not a formal research paper, this essay requires the identification, evaluation, and documentation of popular, trade, and scholarly sources within a discipline-specific context. Students respond to directed questions about the similarities and differences between their sources based on an IS topic of their choice.
Convergent IL model: RL and WL
We have argued that RL and WL are associated in an IL framework; however, these relationships have not been tested in previous studies. So we want to further explore a detailed version of this conceptual IL model to clearly identify relevant factors and how they are associated. This model associates specific topics in IS with either RL or WL. This model (Figure 2) shows the relationship between RL and WL within a convergent IL framework. For the purposes of this study, we measure the correlation between a defined set of research and web skills. RL is defined as specific proficiencies in database searching and resource identification. This also includes general academic research skills in writing, revising, and documenting sources. WL is defined as a set of skills in web development knowledge (producing documents in HTML, XHMTL, XML, and CSS), and web environment knowledge (web usability, web accessibility, information architecture, information ethics).
This is a dynamic model that places students in active roles as author and producer. RL enhances a student's ability to write essays and produce web documents. WL enables students to create meaningful content for the web and to effectively organize information in visual and textual media. Within this convergent framework, IL encompasses inter-related abilities in student research and web design.
Research design
Research questions
This study focuses on three key questions: 
Data collection
At the beginning of spring semester in 2003, we conducted one required online survey to measure student familiarity with IL and IT concepts as they entered the course. At the end of the spring semester in 2003, we conducted a second online survey (using the same questions as the beginning survey) to measure student familiarity with IL and IT concepts at the end of the course. Both surveys were conducted online using the course management system WebCT. The first part of this analysis compares the beginning and end surveys, while the second part focuses exclusively on the end survey.
In spring 2003 the class enrolled 87 undergraduate students. Most of the students in this class were ISP majors or intended majors at the sophomore or junior level. The items selected for the survey questions reflected the specific research and web design competencies addressed in the class. The survey instrument utilized the Likert scale for ordinal data. For example, one of the questions asked: 'How familiar are you with academic research methods?' The responses to each question ranged from 1 to 5 on a Likert scale (1 = not at all familiar, 5 = extremely familiar). Twenty independent variables and one dependent variable were originally developed for a total of 21 questions in the survey (see Appendix).
Test results
Familiarity with IL and IT skills
Although the term 'familiarity' is general in nature and could mean different things to different people, a comparison of survey responses at the beginning and end of the semester (see Table 2 ) indicates that students reported a higher level of 'familiarity' with IL and IT concepts at the end of the course. This suggests that ISP301 had a positive impact on student familiarity with these concepts. As Table 2 demonstrates, students reported an increase in familiarity in all 21 IL and IT concepts by the end of the semester. In particular, student familiarity with XHTML (+2.1), XML (+2.2), CSS (+2.4), and information science journals (+2) increased at the highest levels with at least two full percentage points each.
We do not compare this data with student grades, exam or quiz results, or a descriptive analysis of student web assignments or research papers, but such methodologies could be applied in future studies. We acknowledge the limitation of the word 'familiarity' while recognizing the value in a common term that allows students to identify their awareness of IL and IT concepts within the specific context of this course.
While this data is relevant and suggests that students in ISP301 increased their familiarity with all of the IL and IT skills surveyed, it does not go far enough to address the convergence of IL and IT in this course. To explore this analysis at a deeper level and to identify possible correlations between student perceptions of IL and IT concepts, we will apply a factor analysis approach to the data collected in the end of semester survey.
Factor analysis
Factor analysis is used for finding relationships between variables and reducing the number of variables [27] . For the purposes of this study, factor analysis allows us to see which IL and IT items have the most significant correlation. At the same time, we can also eliminate those variables that have little or no correlation. This is especially important for analyzing a convergent model that integrates so many different IL and IT skills. By identifying the variables with high correlation we can determine if an association actually exists between IL and IT. We can also cluster associations based on the degree to which each variable is associated. This enhances our understanding of the way students perceive the relationship between their own IL and IT skills, and does so without having to rely exclusively on descriptive responses (these types of responses are important as well, perhaps in another context, but not for an empirical analysis). In this study, factor analysis identifies the reliable factors that explain the relationship between information literacy and three other dimensions: (1) web development knowledge; (2) web environment knowledge; and (3) research skills. Among the questions that measured student familiarity with each skill (see Figure 3) , 'UNIX directory structure' was eliminated from further factor analysis, because it was highly correlated (r = 0.792) with 'UNIX' and caused multicollinearity. This means that the correlation between both terms may be high due to the ambiguity of the original questions and not necessarily the perception by students that the terms (and skills) are distinct. This identifies a problem with these two survey questions. According to this factor analysis approach we must eliminate one of the variables when r is greater than 0.8 [28] . Although the term 'UNIX directory structure' was removed from further analysis Journal of Information Science, 31 (6) in this study, the term 'UNIX' remains because it is a broader term that includes directory structure, as well as other UNIX-related competencies. In addition, 'Adobe Photoshop' was also dropped since it was minimally associated with other variables.
The reliability of factor analysis is dependent on the sample size [28] . According to the Kaiser-Meyer-Olkin (KMO) measure, the sampling size is adequate when the KMO value is greater than 0.5 [28] . This survey sampling of 87 students meets such a requirement since the KMO measure is 0.877 as shown in Table 3 .
Eigenvalue measures the total variance which is explained by a particular factor [29] . According to Kaiser's [30] criterion, factors are only included when the eigenvalue is greater than 1. Notice in Table 4 , that the first four components have eigenvalues greater than 1. In other words, these four components may explain over two-thirds (66.7%) of the variance for IL. This analysis implies that IL has four independent dimensions. Within the context of this study, this is a significant finding because we have empirical data to demonstrate that multiple dimensions are integrated into IL.
We can also analyze this data through rotated component matrix, which displays clusters with a common theme [29] . Notice that in Table 5 , each component has common themes. This survey comprises four different categories that are independent from others. For example, the survey questions that belong to component 1 may be related to 'research skills'. Questions in component 2 may be related to 'web environment knowledge'. Questions in component 3 may be related to 'web development knowledge'. This is quite consistent with our description of the convergent IL model in the previous section because it clusters three main categories. Finally, questions in component 4 may be related to 'citations' because MLA and APA indicate an additional dimension for IL.
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Reliability and validity of measurement
Measuring reliability is the same process as measuring consistency [31] . A Cronbach's coefficient α is used to find out whether a multiple item scale is internally consistent [32] . It is recommended that the threshold range of Cronbach's α should be above 0.7 [33] . Among the four dimensions of IL identified, 'citations' includes both 'APA style guide' and 'MLA style guide' which were dropped because the α is below 0.7 (α = 0.61). This survey instrument yielded a Cronbach's α from 0.84 to 0.87, indicating a high degree of internal consistency. In other words, the survey instrument of this study is reliable for measuring IL. Bailey [31] states that 'the definition of validity has two parts: (1) that the measuring instrument is actually measuring the concept in question, and (2) that the concept is being measured accurately' [31, p. 67] . We have identified four independent dimensions that can be associated with IL; however, we do not know if the variables in each dimension can actually measure IL. In this section, we need to investigate which variables measure IL and which variables do not.
Validity verifies what the survey instrument is supposed to measure [34] . Convergent validity illustrates two variables that are valid measures of the same concept [35] . Both variables should correlate highly with one another. For convergent validity, the 'item-tototal correlation' [36, p. 41] score was used. The relationship between each variable and the sum of the remaining variables should be higher than 0.4 [36] ; however, we used a score of 0.5. By using a score of 0.5, rather than 0.4, we applied a strict score for measuring the validity of the survey instrument. As a result, the variable 'WebCT' was dropped from further analysis in this study.
On the other hand, discriminant validity describes two variables which, although similar to one another, should not correlate highly if they measure different concepts [35] . As such, the variable should have low or no correlation with measures of variables that are not related. For discriminant validity, variables with factor loading value are higher than 0.5 [36] , but we used the value 0.6 for this study. As a result, 'HTML' was dropped from further analysis.
As a result, the Convergent IL Model consists of three different dimensions with 14 variables as shown in Table 6 .
Nonparametric analysis
Since we have one ordinal dependent variable (i.e. information literacy) and 14 ordinal independent variables, nonparametric measures should be employed in this study. Ordinal data are not appropriate for classical data analysis and nonparametric statistics apply to data measured on an ordinal scale [37] . In order to compute the correlation between IL and web development knowledge, web environment knowledge, and research skills, Kendall's tau was used for the ordinal scale because it is equivalent to the Pearson's correlation coefficients in classical data analysis [35] .
As shown in Table 7 , all variables were significantly associated with IL (p < 0.01) except 'XML' (p < 0.05) and 'ArticleFirst' (p < 0.05). In web development knowledge, 'XML' (p < 0.05) was moderately related with IL. Since 'XML' is somewhat new terminology, it may take some time to associate it with IL compared with other items in this category. In addition, 'ArticleFirst' (p < 0.05) was also moderately associated with IL, since it may not be used as frequently as EBSCO to find articles in online databases. Therefore, 'XML' and 'ArticleFirst' may not be significantly related to IL.
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Discussion
This study proposes a conceptual model for IL to determine if there is a relationship between IL, WL and RL. Based on the data analysis, we conclude that IL is significantly associated with web development knowledge (p < 0.01), web environment knowledge (p < 0.001), and research skills (p < 0.001). Web development knowledge is composed of XHTML, CSS, and UNIX; web environment knowledge consists of web accessibility, web usability, information architecture, information ethics, and difference between popular resources and academic research materials; research skills are composed of ADVANCE, information science journal, EBSCO, and research methods. Therefore, this research supports the proposed convergent IL model. There are some limitations to this approach. We believe that additional factors can be identified within this context. For example, we asked limited questions about the broad concept of research methods. Table 7 Correlations to information literacy result, this may have caused missing factors related to this term. For future study, more detailed factors related to research methods can be identified. We also need to look into the relevance of this model in more diverse disciplines and professional settings. Many IS students are interested in IT and web design and may be able to integrate technical proficiencies with IL more effectively and efficiently than students from other disciplines. In addition, the same survey may produce different results in different organizational and professional settings. At the same time, the convergent model introduced in this paper identifies a convincing correlation between IL and IT that has been tested and proven statistically significant through data analysis. This approach supports the idea that IL and IT skills can be applied throughout higher education in a variety of discipline-specific and interdisciplinary courses. In addition, the application of these skills can be expanded to professional settings as well. Future study can adopt and enhance this model to find how colleges, universities, and professional organizations use IL to improve critical thinking and IT proficiencies.
The convergent model introduced in this paper is a starting point to better understand the relationship between IL and IT. We provide support for this approach through a discussion of classroom practice and the quantitative analysis of survey data. In order for IL to move forward and to meet the literacy needs of students it must effectively incorporate IT (web) concepts. As educators in a digital age we have a responsibility to provide students with the opportunity to engage with the web in all of its complexity.
